Temporomandibular disorder (TMD) includes disorders of the temporomandibular joint (TMJ) and masticatory muscles and their associated structures. It is characterized by pain, joint sounds and restricted mandibular movement. Pharmacological agents commonly used for the treatment of TMDs include non-steroidal anti-inflammatory drugs (NSAIDs), opioids, corticosteroids, muscle relaxants, antidepressants, anticonvulsants and benzodiazepines.
INTRODUCTION
Internal derangement (ID) of the temporomandibular joint is a local malalignment of the joint components, which affects its smooth movement. 1 ID is categorized into disc displacement with or without reduction. 2 More precise classifications were offered by Wilkes 3 Demitroulis 4 and recently by Roman, el al 5 based on MRI findings. These disorders may cause pain, clicking or crepitus sounds, limitation of jaw opening and deviation in jaw functions. 6 Etiology of TMJ ID is still considered of a multifactorial nature where trauma, psychological stress, malocclusion, bruxism together with inflammation are the most accused of causing ID. [7] [8] [9] Arthroscopic studies have clarified the role of inflammation of synovium, capsule or retrodiscal tissues in causing TMJ related pain. [10] [11] [12] [13] [14] Because of insufficient knowledge of the etiology of ID, the treatment is empirical and usually addresses symptoms especially pain which is the most common chief complaint. A wide variety of treatment modalities have been introduced in management of TMJ ID starting with simple, conservative approaches 6 to arthroscopy either simple lysis and lavage ending with a more complicated arthroscopic techniques as anterior disc and capsular release. 15 Arthrocentesis is a treatment modality that breaks down joint adhesions and removes inflammatory mediators from the superior joint space, rather than repositioning the disc. 16 It increases the range of motion and function as well as reduces pain. 17 It also proved to be a minimally invasive, relatively safe and can be done on outpatients under local anesthesia. 18 To enhance the outcome of arthrocentesis, postoperative intra-articular injection of various substances as Local anesthetics 19, 20 , morphine 19 , corticosteroids 21, 22 , sodium hyaluronate 23 , tenoxicam, celecoxib 24 and piroxicam 25 were used, to benefit from their analgesic, anti-inflammatory or lubricator properties.
Piroxicam is a non-steroidal anti-inflammatory drug. It is used to relief post-operative pain and gives an analgesic effect. 26 The parenteral formulation of piroxicam has an aqueous base, without an organic stabilizer and since solvent for injection is distilled water, this formulation offers the potential for intra-articular administration. 27 Some authors have reported intra-articular corticoste roid injections to reduce pain and improve function. 28 Glucocorticoids are yet the most effective anti-inflammatory drugs available, promoting symptomatic improvements of a series of clinical manifestations. It was found that corticosteroids have a potent anti-inflammatory effect on synovial tissues and are known to reduce effusion, decrease pain, and bring about an increase in the range of motion. 29 On the other hand, Hyaluronic acid (HA) has also been shown to reduce friction and pain and improve joint mobility by restoring soft-tissue lubrica tion and repair articular cartilage nutrition. 30 It has been suggested that exogenous administration of hyaluronate stimulates hyaluronate production by syn oviocytes inside the joint, reducing friction and thus protecting articular structures. 31 Therefore, the aim of this study was to compare the clinical outcome of intrarticular injections of piroxicam, dexamethasone and hyaluronic acid following arthrocentesis in patients with nonreducing disc displacement.
Methodology
This study was conducted on patients selected from those attending the outpatient clinic in Oral and Maxillofacial Surgery Department, Faculty of Dentistry, Cairo University. Cairo University Review Board and Ethics Committee approved the study.
The inclusion criteria was to fulfill at least two of the following diagnostic criteria for internal derangement of TMJ as suggested by the American Association of Oral and Maxillofacial Surgery (AAOMS). 32 These included pain in the region of TMJ, popping, clicking sounds during condylar movement, Limitation of mandibular movement not exceeding 25 mm (i.e. condylar rotation with no translation), Clinical, and radiographic evidence of organic changes in the integrity of the joint.
The selected patients were healthy adults who were free from any systemic diseases that might interfere with TMJ treatment. MRI was done for the patients and they were subjected to conservative therapy for 4 weeks in terms of soft diet, splint therapy, medical treatment and physiotherapy to exclude the responders and to keep only those who were noncompliant to the previous treatment modalities.
Twenty-seven patients who had anterior disc displacement without reduction and did not respond to the conservative therapy were included in the study. Their ages ranged from 20 to 43 years and they approved to participate in the study through signed informed consents.
Arthrocentesis technique
Under aseptic conditions, auriculotemporal nerve block anesthesia ( Fig. 1 ) was induced using one carpule of Mepivacaine (mepivacaine HCl 2% with levonordefrin 1: 20 000, Alexandria Co. pharmaceuticals, Alexandria, Egypt). External auditory canal is protected from accumulation of blood and fluid by a cotton pellet. The surgical technique of Nitzan et al. 33 was followed. The first needle (inlet), corresponding to the glenoid fossa, was marked 10 mm from the mid-tragus and 2 mm below the canthotragal line. A second needle (outlet), corresponding to the articular eminence, was marked 10 mm from the first point and 10 mm below the line. A total amount of 200 ml of normal saline solution was introduced into the inlet needle ( Fig 2) . The joint is manipulated through opening, closing, protrusive and lateral excursions of the mandible to establish free flow of the solution and release adhesions, at the end of procedure the outflow needle was removed and first needle was used to inject the different medications. Patients were randomly divided into three equal groups.
Group A: 1ml Feldene (1 ml ampoule Piroxicam manufactured by Pfizer S.A.E Cairo, Egypt) was injected into the superior joint space at the end of the lavage.
Group B: 1ml dexamethasone (produced by Amriya for pharmaceutical industries, Alex, Egypt) was injected into the superior joint space at the end of the lavage. Finally, the inlet cannula was withdrawn, and the preauricular area was covered with a sterile pressure dressing for the next 24 hours. Patients were instructed to apply ice packs over the area of injection to reduce the postoperative pain and edema then shift to warm application the day after the procedure 5 times a day for 2 weeks. Emox 500mg tablets (Amoxycillin (as trihydrate) 500mg manufactured by Egyptian Int Pharmaceutical Industries Co. E.I.P.I.C.O, Egypt) was prescribed as antibiotic for 1 week. Cataflam 50mg tablets (Novartis Parma. SAE, Cairo C.C.R-111108 under license from Novartis Pharma AG, Basle, Swizerland) was prescribed as an analgesic and antiinflammatory for 1 week. Patients were instructed to maintain soft diet as tolerated by the patient for the following 10 days with gradual transformation to normal diet within 2 weeks.
Follow-up was done at 2 weeks and 3 months post operatively Patients were evaluated for pain upon mouth opening, which was recorded according to the pain Visual Analog Scale (VAS) on a range of 0-10 with the extremes being 'no pain' and 'pain as bad as the patient ever experienced. Moreover, jaw range of motion function in millimeters was assessed in terms of maximum interincisal opening (MIO) measured by the maximum interincisal distance (Fig 3) .
Data was presented as mean ± SD. Analysis of variance test was used for comparison between groups. The significance level was set at P value less than or equal to 0.05. Statistical analysis was performed with IBM SPSS Statistics, version 20 (SPSS, Inc., an IBM Company, IBM Corporation, NY, USA.), for Windows.
RESULTS
A total of twenty seven patients with painful TMJ and limited opening secondary to disc displacement without reduction were enrolled in the present study. The patients' age ranged between 20 to 43 years old with a mean of 31 years old . They were randomly divided into three equal groups: group A for Piroxicam injection, group B for dexamethasone injection and group C for Hyalgan, following saline lavage. No adverse effects related to injected materials or arthrocentesis were observed during treatment and follow-up periods except for two patients who had extravasation of fluid into surrounding tissue, which eventually resolved in two days.
In terms of pain intensity, there was a statistically significant reduction (P < 0.05) in VAS measurements in each group at 2 weeks and 3 months postoperatively in comparison with their corresponding preoperative measurements (Table 1 ), yet the VAS scores did not vary significantly among the three groups at 2 weeks and 3 months postoperatively (P > 0.05), (Fig. 4) .
In terms of MIO, a limited mouth opening was obvious preoperatively, and it improved postoperatively. there was a statistically significant increase in maximal mouth opening (P < 0.05) in each group at 2 weeks and 3 month postoperatively, in comparison with their corresponding preoperative measurements ( Table 2 ), yet the mean MIO scores did not vary significantly among the three groups at 2 weeks and 3 months postoperatively (P > 0.05) (Fig. 5 ). 
DISCUSSION
TMD it is a collective term that includes disorders of the temporomandibular joint and the masticatory muscles. TMDs are characterized by pain, joint sounds and restricted mandibular movement. 34 These symptoms are interrelated, as increased pain causes decreased maximal opening. 35 , 36 The Temporomandibular joint is a highly adaptive organ that constantly adjusts to the functional demands made on it by means of remodeling. 37 . Arthrocentesis results in elimination of the vacuum in the superior joint space and facilitation of disc and condyle translation. 38 Even if the disc is not reduced, an increase in MIO and de crease in pain are established. 39 The present investigation was designed to obtain a deeper understanding of the effectiveness of TMJ arthrocentesis under three different treatment protocols in a comparative clinical trial in terms of reduction of pain intensity and increase in the interincisal mouth opening. The procedure was performed under local anesthesia, lavage was done by sterile normal saline followed by injection of piroxicam (group A), dexamethasone (group B) and HA (group C).
Some postoperative complication were recorded in this study, two patients had pre-auricular swelling due to extra-articular fluid extravasation which resolved by the second postoperative day. 
SD: Standard deviation
The clinical results of group A revealed a significant reduction in pain intensity besides a significant increase in the measurements of maximal inter-incisal opening. These findings are in agreement with the results obtained by Al-said et al. 38 The results were justified by Ethunandan and Wilson, 40 who stated that, as Piroxicam is NSAIDs, subsequently it removes the inflammatory mediators, alters the intra-articular pressure and reduces synovial inflammation. Dionne and Berthold 41 added that piroxicam concentrates in the synovium rather than in the cartilage.
The statistically significant improvement in pain and mouth opening in study group B is in agreement with the findings of Giradd et al. 42 They elucidated that Corticosteroids have a potent anti-inflammatory effect on synovial tissue. They are also known to reduce effusion, decrease pain and bring about an increase in range of motion of synovial joints. 42 Intra-articular corticosteroid injection provides, long-term palliative effects on subjective symptoms and clinical signs of TMJ pain. 43, 44 These results are also covenant with a systematic review showing that HA and glucocorticoids had the same short and long-term effects on improvement of clinical symptoms. 45 On the other hand, the results disagree with that of Gencer et al, 46 who found that HA is better in relieving pain when compared with corticosteroid injection in TMJ disorders.
Regarding group C, the results revealed a significant decrease in TMJ pain following HA injection after arthrocentesis. Our results are in accordance with Morey-Mas et al, 47 who attributed the reduction in pain intensity to the elimination of inflammatory mediators that causes pain. Gotoh et al added that injected sodium hyaluronate might show its analgesic effect through both, blocking pain receptors and HA's ability to penetrate synovial tissue to prevent further adhesions. 48, 49 Maximum mouth opening increased relatively at the end of the 3 months follow up. This improvement in jaw mobility might be due to analgesic, lubricator effects of hyaluronic acid. Hishashi et al, suggested that it minimizes wear and tear mechanically and plays a role in nutrition of the avascular parts of the disc and condylar cartilage. 50 When comparing the outcomes of the three groups, the differences were statistically non-significant at the estimated time points of the postoperative period. This study clearly demonstrated that intra-articular injections of Piroxicam, corticosteroids or HA after saline lavage reduced pain and inflammation and improved mandibular function. Consequently, this validates the effectiveness of all methods in treatment of TMD patients. The success of treatment was to increase the range of motion and relieve the functional pain of the TMJ through effective lysis and lavage of the superior joint space rather than to reduce the displacement.
CONCLUSION
We concluded that arthrocentesis with Piroxicam, dexamethasone or Hyaluronic acid are similarly effective and are promising methods in relieving the symptoms of TMJ with non-reducing disc displacement. Additional prospective studies with longer-term evaluation are required to confirm the adequate dosage of each treatment protocol, frequency of the injections required and combination between those protocols and other modalities.
